Objectives: The Biodex SD Stability System has been shown to be a reliable assessment tool for postural stability. However, its ability to provide an accurate representation of balance has not been compared with functional performance measures such as the four-square step test (FSST) and timed-up-and-go test (TUG).
| INTRODUCTION
Balance and postural control are essential to ensuring not only safe activities of daily living for individuals, but for the performance of safe locomotion in general. These two components of human performance serve as a foundation of stability prior to achieving more complex controlled mobility and skilled activities such as independent standing and walking. 1 Postural control, or stability, represents an individual's capacity to maintain an upright position during both static and dynamic conditions, with or without the application of external perturbation or displacement of support surface. [1] [2] [3] [4] Posture is an angular measure from vertical describing the gravitational vector of the body's orientation. 5 Static balance is often defined as a person's ability to maintain control of their center of mass (COM) over a fixed base of support (BOS) while on a firm, flat surface. Even during static or quiet stance, researchers differ on the most important variables (eg, center of pressure, COM, difference between these variables 5 :), which can make it more complicated when attempting to select an assessment tool. Dynamic balance, on the other hand, refers to a person's ability to maintain postural control of their COM over a fixed BOS while either the surface is no longer firm or flat, or while the individual is reaching or performing other extremity movements while maintaining balance. 6 Additionally, functional balance is a person's ability to maintain control of their COM over a moving BOS, or while performing a more complex controlled mobility or skilled activity. 7 Pickerill and Harter 7 identify three key problems with the current methods for balance assessment: nomenclature, criterion standards, and technology. The terms "balance" and "postural stability" are often considered interchangeable in rehabilitation sciences due to the lack of standardized nomenclature and operationalization. It is important that a clinician understands what aspect of balance is being assessed in order to make appropriate testing and treatment decisions. There is a lack of a single evaluative construct that defines good or normal dynamic balance.
Generally, in terms of balance and postural measures, there is a lack of reliability and validity data supporting the utilization of any one method as the best objective tool to capture a comprehensive balance component of a musculoskeletal and neuromuscular examination. This makes it extremely problematic for clinicians and researchers interested in postural stability assessment to not only accurately identify and adequately describe balance deficits at an initial examination or at baseline in a research study, but to be certain that the selected intervention or treatment provided adequate improvements in balance at the time of re-assessment or follow-up visit. Pickerill Balance is a "generic" term and serves as the foundation of stability prior to more controlled mobility, yet there is no "gold standard" for its measurement. 5, 7, 10 Balance may be difficult to capture in a single assessment, as it is a complex construct with reliance on multiple afferent and efferent physiological systems including vision, somatosensory, and vestibular. 11 As often times clinicians attempt to use a single assessment tool during the examination, it is, therefore, neces- 2 | METHODS
| Study design and subjects
This study was an observational, closed cohort design, and consisted of a convenience sample of 105 healthy adults, 77 females and 28 males, mean age 24.5 years old (± 4.66 SD), who met the specific inclusion criteria: at least 18 years old and generally healthy. Individuals were excluded from the study if they had any current musculo- 
| Materials
Timed-up-and-go (TUG) 13 :
The TUG is a widely used clinical performance-based assessment tool used to measure an individual's lower extremity function, mobility, and fall risk. The TUG is able to correctly identify fallers and nonfallers with 87% sensitivity and specificity, and has a suggested cutoff point of 13.5 seconds.
13,14
The participant was asked to start seated, with their back against a standard height chair, without armrests. At the start of the timer and the investigator's "Go!" command, the participant stood up from the chair and walked at a normal, comfortable pace for 10 feet (3 meters) to a line on the floor, where they turned around and returned to a seated position in the chair (see Figure 2 ). The investigator stopped the timer when the participant's buttocks touched the chair. Two trials were performed for each participant, and both times were recorded.
Four-square step test (FSST) 12 :
The FSST is a test of dynamic balance that assesses a person's ability to step over obstacles in three directions of motion: forwards, backwards, and sideways. Populations tested by this assessment tool include geriatrics and those suffering from Parkinson's disease, stroke, transtibial amputation, and vestibular disorders. [15] [16] [17] [18] A cut-off score of 15 seconds serves as the threshold of older adults at risk for multiple falls, with a specificity of 88% and a sensitivity of 85%.
The test setup consisted of four canes of the same width in a cross formation (see Figure 3) . The participant was instructed to step into each square, labeled 1 through 4, in a clockwise sequence: 2, 3, 4, 1, 4, 3, 2, and 1 (see Figure 2) . The participant was asked to complete the sequence as fast as possible without hitting the equipment.
Each subject was allotted one practice run if necessary, and then two trials were performed and recorded for each participant. A lower time recorded in seconds reflected better performance on this measure. 
1) Limits of stability (LOS):
The LOS test challenges the participants to move and control their COM to remain within their BOS. It serves as an indicator of dynamic control within a normalized sway envelope. An individual's LOS for standing balance is the maximum angle that body can achieve from vertical without losing balance. Once an individual exceeds their individual LOS, a fall, stumble, or step may ensure. The LOS in normal adults is defined as eight degrees anterior, four degrees posterior, and 16 degrees in the lateral direction. 19 In this study, the default setting for the LOS test, which is 75% LOS, was used. This reflects a moderate skill level.
Once the participant was in correct foot position as defaulted on the screen, the investigator selected the "Limits of Stability Test," as prompted. The test was explained to the participant as they were line to each target; higher percentage thus reflected better performance. The overall percentage itself represents the amount of deviation from a straight pathway to the targets.
2) Biodex Balance System SD modified Clinical Test of Sensory Organization and Balance (m-CTSIB):
This test has been well documented in the literature as an effective test for identifying individuals with mild to severe balance deficits, as it also isolates which system is impaired. 20, 21 The test protocol is meant to provide a generalized assessment of an individual's ability to both integrate various senses with respect to balance and to compensate when one of more of these senses has deficits. After each of the two trials, the results were printed and recorded.
| Procedure
Participants attended a single session for data collection, which consisted of a short demographic questionnaire (eg, age, highest education received) and a battery of balance assessments, including the FSST, TUG, Biodex SD LOS, and Biodex SD m-CTSIB.
Each of the participants performed the four balance assessments. do not demonstrate good repeatability when it comes to using these assessments to score the same subject.
Regarding the validity of the various measures, intercorrelations (using Pearson's r) between measures (Table 2 ) ranged from −.15 to .22, indicating poor construct validity among all measures, suggesting that these assessments are measuring completely different aspects of balance and are not able to be used interchangeably to determine a patient's balance assessment.
| DISCUSSION
Clinicians have used the terms "balance," "postural stability," and The results, however, left uncertainty regarding the particular construct being measured. between varying conditions to determine which system is affecting their balance ability (eg, proprioception, vision, vestibular), or to produce a computerized report to document improvements in a patient following rehabilitative interventions.
| Limitations and future research
While these findings contribute significantly to the understanding of postural stability and balance, it should be noted that the study included a fairly homogenous sample of healthy adults; therefore, generalization of these results to clinical populations or samples of varying ages may not be appropriate. Additionally, it should be noted that the testing ordered was maintained for all participants; therefore, there is a potential for practice effects between trials of the assessments.
Future areas of research include the replication of this study with subjects in varying patient populations, for instance in a geriatric or neurologic population. 28 For example, Brandmeir and colleagues 
| CONCLUSION
Balance is a complex construct, and it is recommended that clinicians understand this, as we encourage the utilization of multiple balance assessment tools to capture the entire picture of an individual's balance. Based on results of this study, it is suggested that clinicians use more than one balance test to assess different aspects of balance based on patient deficits to better guide treatment and intervention. It is important to take into account that while all of these outcome measures do look at components of balance, none of them can serve as a complete, single evaluative construct of balance itself.
CONFLICTS OF INTEREST

